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ABSTRACT
A non-coastal cockle farming area such as an estuaries zone might become an alternative for 
continuous and sustainable cockle supply in the future. The main objective of this research 
is to determine the growth and mortality rate of Tegillarca granosa (T. granosa) within an 
estuary area. Three cockle plots were allocated along the estuary area of Kongkong Laut 
(P1, P2, P3) based on the geographical area, from upper to lower part of estuaries. Cockle 
monitoring activity was conducted from August to December 2015 for both in-situ water 
parameters and the cockles’ growth increments. This study shows that within a brackish 
estuarine environment, the highest cockle growth increment was recorded within the 
highest water salinity trend area (26.92 ± 4.79 ppt; P2), with a shell increment of 2.70 ± 
0.52 mm per month, while the lowest cockle growth increment was recorded within the 
lowest water salinity trend area (17.65 ± 5.73 ppt; P1) with the shell increment of 2.05 ± 
0.86 mm per month. One-way ANOVA shows that there was significant difference (p<0.05) 
in growth increments among all sites of cockle plots, with significant positive correlation 
between the salinity level and the cockle’s growth rate (p<0.05, r=0.65). This indicates 
that salinity level within a brackish environment plays an important role towards cockle’s 
growth rate. Additionally, high turbidity level for a prolonged period leads to lower cockle 
survival rates within an area. However, 
further studies need to be done to look for 
other environmental factors that may affect 
cockle growth rate within an estuarine 
environment.
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INTRODUCTION
The blood cockle Tegillarca granosa (formerly known as Anadara granosa) is one of 
the major aquaculture species in Malaysia, dominating 93% of the total shellfish species 
production (Department of Fisheries Malaysia [DOFM], 2013). Within the west coast 
region of Peninsular Malaysia, blood cockle aquaculture flourishes due to the large 
number of juvenile cockles naturally developed in the tidal flats of this region, and many 
of them are collected for aquaculture. These juveniles have been supplied as seeds for 
aquaculture grounds within the west coast zone (Yurimoto et al., 2014a). However, since 
2010, this particular sector has been significantly impacted by multiple stressors driven 
by the combined influence of hydrometeorological and land use change. Annual reports 
from the Department of Fisheries Malaysia notes that while T. granosa production in 
Malaysia has been erratic over the long term, it has dropped significantly in the past 
decade, specifically from 2010 onwards. At the same time, despite strategic expansion 
of production, productivity within licensed aquaculture plots along coastal areas has also 
dramatically declined (Yurimoto et al., 2014b).
Several research bodies have conducted a small number of studies aiming to have a 
deeper understanding regarding this issue (Harith et al., 2016; Pahri et al., 2016; Ramli, 
2005; Ramli et al., 2013; Yurimoto et al., 2014a; Yurimoto et al., 2014b). Although initial 
findings were inconclusive, the pattern suggests that decline in T. granosa production may 
be attributed to the combined effects of a large number of environmental stressors, including 
pollution of coastal waters; degradation and erosion of mudflats and deterioration of shallow 
coastal habitats due to extreme weather events (Izura & Hooi, 2008); overstocking of T. 
granosa seed (Yurimoto et al., 2014b); high ammonia concentrations in the aquaculture 
systems; and rapid changes in sea surface temperature (Fadzil et al., 2010).
Therefore, since most of the major cockle’s aquaculture activities in Malaysia are 
located within coastal area, a non-coastal zone such as estuary area may become an 
alternative solution for continuous and sustainable cockle supply in the future. However, 
as noted above, studies on the effectiveness of cockle aquaculture within a Malaysian 
estuarine environment remain inadequate and not well understood, particularly in terms of 
growth and mortality. Despite the fact that it is such valuable information, little work has 
been done to collect and standardize data in these two major factors as it may be utilised 
to predict yield under varying conditions within an estuarine environment. As part of 
programme to provide additional data on cockle’s aquaculture within an estuary ecology, 
Kongkong Laut, Johor was selected as a study site, since natural cockles are present within 
this area but at very low abundance. Therefore, this study aims to determine the growth and 
mortality rate of blood cockle T.granosa within Kongkong Laut estuarine environment. 
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MATERIALS AND METHODS
Cockle Plot Set Up and Growth Measurement
Cockle plots were set up in three different locations along Kongkong Laut before starting 
with cockle growth measurement. These plots were labeled P1, P2 and P3 (Figure 1). This 
study was conducted from August 2015 until December 2015. Each plot was constructed of 
4 mangrove wood pieces of 5 m height and 3 cm width as standing anchors at each corner 
of the plot. The mangrove wood was embedded 3 m below from the surface sediment 
before being enclosed with the mesh fence with an area of 1 m2. The cockles were measured 
(Table 1) before being translocated from the commercial cockle farming area and about 
60 cockles were dispersed into each of the plot within the Kongkong Laut estuary. Cockle 
growth and survival rates were collected for a 4-month period (August - December 2015). 
Naturally, bivalve’s anterior and posterior part of the shell extend outwards as it grows, 
(Ubukata, 2003). Cockle growth rate was determined by measuring the shell length from 
the anterior to the posterior part of the shell by using the Von Bertalanffy Growth (VBG) 
Figure 1. Location of all the cockle plots within Kongkong Laut estuary area (P1-P3)
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model, as proposed by Pathansali (1966) and Broom (1982b). The VBG model has also 
been widely used in other fisheries related studies (De Graf & Prein, 2005). The equation 
is as follows:
It = Li (1- e – Kt)    (1)
where; 
It is length at time t (Days); Li is the asymptotic length (mm); and K is a constant 
indicating the rate at which the maximum size is approached.
Table 1
Total and average length (mm) of T.granosa in each of the study plot
Plot Total Length (mm) Average Length (mm)
P1 18.32 - 24.51 20.08
P2 17.20 – 25.22 20.29
P3 18.50 – 23.51 20.89
Water Sampling and Physicochemical Measurement
Seven water parameters were measured in this study: temperature, pH, salinity, conductivity, 
dissolved oxygen (DO), turbidity and water current. Unlike the data collection for cockle’s 
growth increment, water parameter measurements were taken earlier every month within 
all cockle plot area (P1, P2, P3) for 8 month period (April - December 2015) in order to 
elucidate the pattern of water parameter (before the allocation of cockle within the plot) 
and clarify the factors that may influence the cockles’ growth within an area (after the 
allocation of cockle within the plot). pH and DO were measured by using Mettler Toledo 
Model Sevengo Pro-SG78 (Mettler Toledo International. USA), while salinity, conductivity, 
temperature, turbidity and water current were measured using a Mettler Toledo Model 
Sevengo Pro-SG7 (Mettler Toledo International, USA) probe meter.
Statistical Analysis
Statistical analysis was performed by using IBM SPSS version 22 (SPSS Inc., Chicago, 
IL, USA.). One-way ANOVA was applied in order to identify the significant difference 
that existed within the sediment and water dataset at each sampling location. ANOVA was 
also used to determine the degree of similarity of the mean on the data that are continuous 
or normally distributed and with homogenous variance (Sekabira et al., 2010). Pearson’s 
correlation coefficient was used in this study to determine the degree and the strength of 
a linear relationship between the parameters measured.
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RESULTS AND DISCUSSIONS
Descriptive Statistics on Water Physicochemical Parameter 
A statistical summary (mean, standard error of the mean, and standard deviation) of 
the selected parameters for the water samples is presented in Table 2. A total of six 
physicochemical variables were analysed from 10 sampling points along Kongkong Laut 
estuary area. Water temperature varied from 29.84 °C in P1 sampling station to 30.04 °C 
in P3 sampling station, which is within the portable range of 25-32°C by the World Health 
Organization. The pH value is within the acceptable limit of 6.5-8.5, varying between 6.79 
and 7.22, with the maximum limit of 7.22 at P3 sampling station. Generally, pH value is 
one of the most important parameters, as it affects chemical and biological processes and 
temperature affects the availability of oxygen concentration in the water (Chen et al., 2006). 
The concentrations of conductivity ranged from 25.58 to 43.24 ms (millisiemens). 
Salinity varied from 16.12 to 22.48 ppt and turbidity ranged from 16.21 to 23.97 NTU. 
The concentrations of these parameters were above the threshold limits of the WHO. The 
higher concentrations of conductivity, salinity, and turbidity indicate that these parameters 
were from a common source of origin (Onojake et al., 2011) and might be due to a high 
level of dissolved ions in the Kongkong Laut estuaries due to dissolved salt. 
Table 2
Descriptive statistics; Mean and standard deviation (S.D) of water physicochemical parameters within 
cockle plots in 8 months period in Kongkong Laut sampling area (n=168)
Site P1 P2 P3
Temperature (oC) 29.84 ± 1.22 29.38 ± 0.52 30.04 ± 0.74
pH 6.79 ± 0.16 7.06 ± 0.34 7.22 ± 0.23
Salinity (ppt) 16.12 ± 3.90 22.33 ± 2.93 22.48 ± 2.53
Conductivity (ms) 25.58 ± 6.81 42.60 ± 3.66 43.24 ± 3.06
Dissolved Oxygen (mg/l) 6.64 ± 0.80 4.63 ± 1.97 5.11 ± 1.86
Turbidity (NTU) 21.66 ± 3.35 16.21 ± 5.98 23.97 ± 6.75
Water current (m/s)* 0.092 ± 0.001 0.199 ± 0.001 0.124 ± 0.001
Note: *3 decimal places 
Physicochemical Parameter Relationship 
The Pearson’s correlation matrix is presented in Table 3. The correlation between the 
physiochemical parameters under study showed a significant positive relationship between 
conductivity and salinity (r=0.894, p<0.01). Conductivity is the ability of water to conduct 
an electric current, and the dissolved ions are the conductors. In this case, the concentration 
of sodium ion that derived from the brackish water might become the main contributor for 
the significant correlation. 
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There was a moderate negative relationship between DO with salinity (r= -5.02, 
p<0.01), conductivity (r= -5.04, p<0.01) and temperature (r= -5.07, p<0.01). This result 
was expected, as solubility of oxygen decreases in both warmer and saline water due to 
the maximum limit of air saturation within these two circumstances (Langland & Cronin, 
2003; Wetzel, 2001; Yin et al., 2004). Since there was significant positive relationship 
between conductivity and salinity as mention earlier, a negative relationship between DO 
and conductivity is considered to be inevitable.
Table 3
Correlation matrix of all water physicochemical parameters within the all of the cockle plot area
Turbidity Conductivity pH Temperature DO Salinity Current
Turbidity 1
Conductivity 0.280 1
pH -0.051 0.160 1
Temperature 0.457 0.524 -0.140 1
DO -0.470 -0.504 0.271 -0.338 1
Salinity 0.402 0.894 0.114 0.432 -0.502 1
Current 0.267 0.321 0.257 -0.049 -0.401 0.448 1
Cockle Growth Performance within Plot Study
The average increment of cockle growth in Plot P1, P2 and P3 is 2.05 ± 0.16, 2.70 ± 0.32 
and 2.09 ± 0.27 mm per month, respectively (August - December), as can be seen in Figure 
2. Among all three plots, plot P2 shows the highest average growth increment, followed 
by plot P3 and P1 as the lowest average growth increment. One-way ANOVA reveals that 
there was a significant difference (p<0.05) in growth increment of cockle between plot 
P2 with two other cockle plots (P1 and P3), indicating that the growth increment within 
the P2 plot is significantly higher compared to P1 and P3 plot. However, there was no 
Figure 2. Growth curve of Tegillarca granosa within each study plot from August to December 2015, based 
on Von Bertalanffy growth equation
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statistically certain pattern on most of the water parameters that was recorded to explain 
the variations of the cockle’s growth, except for salinity and turbidity. Pearson’s correlation 
analysis revealed a moderately positive correlation between the salinity level and growth 
rate (p<0.05, r=0.65), suggesting that salinity might be the main reason for higher cockle’s 
growth increment within Plot P2. This result is in agreement with a study by Pathansali 
(1963). In his study, it was reported that the cockles’ feeding rate was reduced within a lower 
salinity condition within a laboratory experiment, causing a slower cockle growth rate. 
Generally, the blood cockle T.granosa is usually found within a coastal area or estuary 
area with a range of 26 to 31 ppt (Broom, 1980, 1982; Pathansali, 1963; Yurimoto et al., 
2014a). In the Kongkong Laut estuary area, the water salinity ranged from 17 to 30 ppt. 
Among all of the cockle plots, P1 shows the lowest water salinity trend (17.65 ± 5.73 ppt), 
followed by P3 (23.21 ± 5.46 ppt), and P2 (26.92 ± 4.79 ppt) as the highest salinity condition 
within the 4-month period. Water salinity within an estuary area is not always constant, as 
it is also exposed directly to river and land water. During the rainy season, water salinity 
in some bivalve settlement area may drop as low as 10 ppt during low water of neap tides 
or as low as 15 ppt at high water tides (Broom, 1980; Crain et al., 2004; Day et al., 2012; 
Davenport & Wong, 1986). During these low salinity environments, T. granosa tends to 
close their shell valves in order to sustain the osmotic gradient between its tissue and the 
external medium, thus halting the feeding process until a favourable condition emerge 
(Davenport & Wong, 1986; Pathansali & Soong, 1958). This circumstance, however, is 
only restricted to a short period of time, as a prolonged low salinity environment will 
cause these blood cockles to be fatal (Broom, 1982a; 1982b; 1985). In this study, cockle 
plot at P1 area experiences the lowest average salinity (17.65 ± 5.73 ppt) within 4-month 
monitoring period due to the direct freshwater input from the upper stream of the estuary. 
The cockles in the P2 area experienced the highest average salinity (24.73 ± 5.63 ppt) 
within the monitoring period, as it is located nearer the Sungai Johor area which has higher 
salinity level compared to the inner part of the estuaries. Furthermore, the salinity trend in 
the cockle plot during the monitoring period indicates that the growth of the cockle increases 
as the salinity increases, as can be seen in Figure 3. Hence, this clearly shows that different 
water salinity does have an influence on the cockles’ growth increment. 
The average cockle survival rates in Plot P1, P2 and P3 decreased by about 15.5, 3.75 
and 7.25% per month, respectively (August- December), as shown in Figure 4. Among 
all three plots, Plot P2 had the highest average survival rate (92 % per month) while P1 
had the lowest average survival rate (73 % per month) from August to December 2015. 
High turbidity trend during the four-month monitoring period (August – December 
2015) suggested that turbidity might be the main reason that affecting cockles’ survival 
within all of the plots (Figure 5). This is because of high levels of turbidity for a prolonged 
period have the potential to negatively affect cockle survival within a habitat drastically, as 
high turbidity within an environment can also potentially restrict cockle filtration activity, 
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Figure 3. Comparison between cockle growth (a) and salinity trend (b) in all cockle plot at Kongkong Laut 
area (P1, P2, P3) 
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thus indirectly affecting cockle feeding rate (Broom, 1980; 1985; Yurimoto et al., 2014a, 
2014b). Furthermore, one-way ANOVA revealed that there was significant difference in 
turbidity level (P<0.05) between P1 and other plot study, indicating higher level or turbidity 
trend compared to P2 and P3. In other words, this shows that higher turbidity levels within 
an aquatic environment do lead to lower cockle survival within an area.
Figure 5. Turbidity level comparison within plot P1, P2 and P3 from August to December 2015
CONCLUSIONS
This study indicates that within an estuary environment, different water salinity levels 
have a significant influence on cockles’ growth pattern, while cockle survival within an 
aquatic environment does influence by water turbidity level. The results suggest that lower 
water salinity leads to slower cockle growth increments, as it potentially affects their 
feeding rate negatively.  On the other hand, high turbidity levels for a prolonged period 
lead to lower cockle survival rate within an area. Although other water parameters show 
no certain statistically effects on cockle growth within the study site, the range value for 
brackish conditions indicates that there were no extremities, and values remained within an 
acceptable range for cockle farming activity. A longer period of cockle growth measurement 
and a broader scope of environmental data are highly recommended to adapt this study 
in future.
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